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(54) Diode array for diode pumped solid state laser 

(57) A technique for operating a diode punrrped solid 
state laser in a continuous-wave (cw) mode using 
diodes blocks (12) that are individually operated in a 
pulsed mode. For some high power laser applications, it 
is desirable to provide for operation in pulsed and cw 
modes, but pump diodes are typically designed for effi- 
cient operation in only one of these modes. The inven- 
tion includes a controller (20) that pulses the Individual 
diode tHocks (12) on and off. but not necessarily in uni- 
son. For a pulsed mode of operation, the diodes (12) in 
an array are pulsed either at the same time, or sub- 
arrays are pulsed in a temporally interleaved manner for 
a higher effective pulse repetition rate. For the cw mode 
of operation, the diodes (12) are pulsed sequentially in 
sub-arrays (A-E), such that at least one sub-an'ay is 
always energized and the complete array appears to be 
providing continuous pumping energy. In one embodi- 
ment, the sub-anrays (A-E) are columns of the array in 
another embodiment the sul>^rray8 (12) are each 
associated with a different solid-state gain medium 
(10 ), the gain media being optically coupled in a single 
laser. 
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Description 

BACKGROUND OF THE INVENTION 

This invention relates generally to diode punped s 
solid state lasers (DPSSLs) and, more particularly; to 
the configuration and operation of arrays of pump diode 
lasers used in solid state lasers of high power. Diode 
pumped solid state lasers are being developed as laser 
machine tools. They include a gain medium in which 10 
laser light is amplified as a result of optical energy being 
pumped into the gain medium from an array of diode 
lasers, known as pump diode lasers. Throughout this 
specification, when the abbreviated terms "diode'* and 
"diodes" are used, they should be taken to mean "diode is 
laser" and "diode lasers." respectively Basically, there 
are two pos^ble configuratk)ns in which such a laser 
may be used. In one, a laser cavity Is formed by min'ors 
located at opposite ends of one or more gain media, 
and the laser operates as a resonator or oscillator. In 20 
the other configuration, a master oscillator provides a 
high quality, low power laser beam, which is amplified In 
one or more gain media prior to output. Some laser 
machining processes require short pulses of laser oper- 
ation while others require continuous-wave (cw) opera- 2s 
tion. Therefore, it would be cost effective to provide a 
single laser design that could function in both pulsed 
and cw modes without compromising performance or 
requiring significant replacement of components when 
changing from one mode of operation to the other, so 
Diode an-ays are designed to operate In cw mode or in 
pulsed mode, but the same anay will not operate effi- 
ciently in fcx)th modes. 

The conventional approach to solving this problem 
is to use cw mode diode pump arrays to drive solid state as 
lasers when cw ou^ut is required, and to use pulsed 
diode punp arrays to drive soiki state lasers when 
pulsed output Is required. Pulsed operation of a diode 
anray designed for cw operation is possible, but the ini- 
tial diode array costs may then be higher by a factor of 40 
two or more compared with pulsed diodes, and the 
diodes will not be operated efficiently when used in the 
pulsed mode. It is impossible to op&rsAe pulsed mode 
diodes in cw mode for very long without damaging or 
destroying the diodes. 45 

Accordingly, it would be desirable to be able to pro- 
vide for either the pulsed mode or the cw solid state 
laser mode of operation using a single diode array 
structure, but without compromising performanca The 
present invention achieves this goal. so 

SUMMARY OF THE INVENTION 

The present invention resides in a diode array 
capable of operation in pulsed mode or in a quasi-con- ss 
tinuous-wave mode in which each diode in the array is 
pulsed but the overall effect is to provide continuous- 
wave solid state laser operation. Briefly, and in general 
terms, the diode an'ay of the invention comprises a plu- 
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rality, N, of sub-an^ays of pump diodes, each sub-an-ay 
having a plurality of diodes that are electncally con- 
nected In such a way as to be energized together; a plu- 
rality of at least N switches for separately energizing the 
sub-arrays; and a programmable controller coupled to 
the switches and operable either in a pulsed mode in 
whfch the sub-arrays are energized and de-energized 
periodically, or in a continuous mode in which the sub- 
arrays are energized and de-energized sequentially to 
maintain at least one sub-array energized at any time. In 
one embodiment of the invention, each sub-array is a 
column of blocks of diodes in the array. The blocks of 
diodes in each column are connected in series; and 
each sub-array or column is energized for approxi- 
mately (100/N)% of the operating time. i.e. on a 
(1 00/N)% duty cyde. By way of example, the illustrative 
embodiment has five columns of blocks of diodes and 
each column Is energized approximately 20% of the 
time. Each successive column is energized slightiy 
before a preceding column is de-energized, to allow 
time for maximum power output to be reached before 
the preceding column is de-energized. 

In another embodiment of the invention, each sub- 
array is associated with a separate solid state amplifier, 
and the programmable controller switches the sub- 
anays on and off to supply diode pumping to successive 
solid state anplifiers in a cyclic manner. 

In accordance with another aspect of the invention, 
sub-anxiys of pump laser diodes are energized and de- 
energized in a temporally interleaved manner to provkJe 
pulsed operation at a higher effective pulse repetition 
rate tiian could be obtained by pulsing all the sub-arrays 
in unison. 

In terms of a method for controlling a switchable 
diode array, the present Invention comprises the steps 
of connecting a plurality of pump dkxjes in a plurality. N, 
of suk)^nrays, each sub-array having diodes connected 
together in such a way as to be energized at the same 
time; selecting between a pulsed mode and a continu- 
ous mode of operation; if the pulsed mode is selected, 
pulsing tiie diodes in each sub-array on and off periodi- 
cally: and if the contimious mode is selected, pulsing 
the diodes in each sub-array on and off in a sequential 
manner, such that only a selected number of sub-arrays 
are fully energized at any time, whereby, the diode array 
provides continuous pumping power even though its 
member diodes are pulsed. In the pulsed mode of oper- 
ation, the sub-arrays may be pumped either in unison or 
in a temporally interleaved manner for a higher effective 
pulse repetition rate. More spedfically, the step of puls- 
ing the diodes in each stb-an'ay in the continuous mode 
includes pulsing only one sub-array at a time, wherein 
each sub-array is energized on an approximately 
(100/N)% duty cyde. 

In one embodiment of the method, each sub-array 
is a column of blocte of diodes in the array; and the con- 
necting step includes connecting Jhe diodes in each col- 
umn in series. Each sub-an-ay or column is energized 
fbr ^proximately (100/N)% of the time. By way of 
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example, there are five oolumns of blocks of diodes in 
the array; and each column is energized approximately 
20% of the tima The step of pulsing the diodes in the 
continuous mode includes energizing each successive 
column before a preceding column is de-energized, to s 
allow for maxinrujm power output to be reached before 
the preceding column is de-energized. 

In an alternate embodiment of the method, each 
sub-array is associated with a separate solid state 
amplifier; and the step of puteing the sub-arrays in a io 
continuous mode provides laser pumping power to suc- 
cessive solid state amplifiers in a cyclic manner. The 
solid state amplifiers are optically coupled together in a 
single laser cavity. 

The invention may also be defined as a diode is 
pumped solid state laser, operable in a pulsed mode or 
a continuous mode with pump diodes designed for 
pulsed operation. The solid state laser of the invention 
comprises at least one solid state gain medium for 
amplifying laser light that passes back and forth through so 
the solid state amplifier; optical reflectors defining a 
laser cavity in the which the solid state amplifier or 
amplifiers are positioned; and optical means for outoou- 
pling light from the laser cavity The laser further com- 
prises an array of pump diodes, the array having a 25 
plurality, N, of sub-arrays of pump diodes, each sub- 
array having a plurality of diodes that are electrically 
connected in such a way as to be energized together; a 
plurality of at least N. switches for separately energizing 
the 8uk>-arrays; and a programmable controller coupled 30 
to the switches and operable in a selected one of two 
modes, including a pulsed mode in which the sub-an^ys 
are energized and de-energized periodically, and a con- 
tinuous mode in which the sub-arrays are energized and 
de-energized sequentially to maintain at least one sub- 35 
array energized at any time. 

It will be appreciated from the foregoing that the 
present invention represents a significant advance in 
the field of diode pumped solid state lasers. In particu* 
lar, the invention provides a novel technique for operat- 4C 
ing a pump diode array in either pulsed or cw modes, 
while the individual diodes in the array are operated in 
pulsed mode. Other aspects and advantages of the 
invention vtriO become apparent from the following more 
detailed descriptbn, taken in conjunction with the 46 
accompanying drawings. 

BRIEF DESCRIPTION OF THE DRAWINGS 

FIGURE 1 a diagrammatic perspective view off so 
two arrays of diodes disposed on opposite faces of 
a solid state laser gain medium and connected in 
accordance with the invention; 
FIG. 2 is a block diagram of a solid state laser in 
accordance with the present invention; ss 
FIG. 3 is a graph showing the diode cun^ent in five 

' sub-arrays of diodes operated in accordance with 

. the invention; and 
FIG. 4 is a block diagram of another emtxxiiment of 

• ". 
•• • 
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the present invention, In which multiple arrays of 
diodes are disposed on opposite faces of multiple 
solid state gain media of the same solid state laser. 

DESCRIPTION OF THE PREFERRED EMBODIMENT 

As shown in the drawings for purposes of illustra- 
tion, tiie present invention pertains to diode pumped 
solid state lasers, and specifically to a technique for 
connecting and operating arrays of pump diodes in such 
a manner that selected diodes in the array are pulsed, 
but the entire array, or multiple arrays, are selectively 
operated to output optical energy other in a pulsed 
mode or continuously. Diode arrays suitable for pump- 
ing high power solid state laser amplifiers are designed 
and manufactured to be operated either in a continuous- 
wave (cw) mode of operation or In a pulsed mode of 
operation. Some applications, such as machine tools, 
require both modes of operation to be available for spe- 
dftc machining processes. Therefore, it would be desir- 
able to have a single pump diode structure that was 
capable of supporting either mode of operation without 
having to sut)stitute components arvJ without compro- 
mising perfbmnance. 

In accordance With the invention, arrays of pump 
diodes are connected and controlled in such a manner 
as to produce continuous-wave (cw) operation of a solid 
state laser, while each diode within tiie arrays is individ- 
ually operated in pulsed mode. Entire arrays of pump 
diodes may also be operated in pulsed mode without 
replacing or nfKxiifying diode components, thereby pro- 
viding convenient selectton of overaD operation in either 
cw or pulsed modes. 

FIG. 1 shows in diagrammatic form a solid state 
gain medium, indicated by reference numeral 10. into 
which optical energy is pumped from two opposing 
arrays of diode blocks 12. Each block 12 typically con- 
tains a large number of diode lasers. The gain medium 
10 may take the form of a generally flat slab of a 
selected solid state material, or the medium may be of 
some other geometrical form, such as a rod or cylinder. 
The anays of diode blocks 1 2 are disposed along oppo- 
site faces of the gain medium. In the illustrative embod- 
iment of the invention, the diode blocks 1 2 in each of the 
arrays are arranged in a rectangular matrix of rows and 
columns. More specifically there are five columns, each 
with three blocks of diodes. For pulsed operation of the 
amplifier, the diode blocks 12 are connected in such a 
manner that tiiey can be all switched on and off in uni- 
son. For operation in cw nrxxle. the diode blocks 12 are 
connected in five sq^arate series strings. Each of tiie 
five columns, designated A. B, 0, D and E in the figure, 
has its six diode blocks connected in series, tiiree ad^a- 
cent to one face of the amplifier 10 and three adjacent 
to the other face. 

Operation in the cw mode-requires that each of the 
columns of diode blocks 12 be operated at approxi- 
mately a 20% duty cycle, i.e. witii the diodes "on" only 
20% of the time. As shown in FIG. 3. the column A 
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diodes are switehed on every 5 milliseconds (ms). for 
example, for approximately 1 ms each. Because a cer- 
tain amount of energy must be absorbed before the gain 
medium begins to output light at full power, the five 
diode columns must temporally overlap to ensure that 
the overall light output from the arrays will be constant 
Therefore, as shown In FIG. 3, the column B diodes will 
be energized prior to the time tiiat the column A diodes 
are turned off. Then each successive column of diodes 
Is turned on before the preceding one is turned off. The 
cyde of operations continues as shown, producing an 
overall effect of continuous operation of the pump 
diodes 12, even though the individual diodes are still 
Operated In pulsed mode. 

FIG. 2 shows how the amplifier 10 and diode blocks 
12 are employed in conjunction with other components 
of a diode pumped solid state laser. In its most funda* 
mental form, the laser may include, in addition to the 
gain medium 10 and diode blocks 12, a laser cavity 
defined by a pair of opposed murors 14, one of which is 
only partially reflective to provide outcoupling of light 
from the laser cavity The invention may be used either 
in a configuration in which the gain medium 10 functions 
as a resonator or oscillator, or in a configuration that 
includes a master oscillator 16 to provide a low power, 
high quality beam for input to the gain medium 10. 
which, In the latter configuration, operates as an ampli- 
fier. Although light passing through the gain medium 10 
is depicted as a single straight line, it will be understood 
that, in some configurations, light traverses the medium so 
by multiple internal reflections from its skle faces. It 
should also be understood that the specif k: configura- 
tion of the laser is not pertinent to the present invention, 
whfeh will operate in any solid state laser configuration 
to provide either pulsed or cw operation. For example, 35 
the gain medium 10 may employ rod geometry rather 
than take the form of a slab. 

Switching of the dfodes in the diode blocks 12 is 
controlled by a relatively simple programmable control- 
ler 20, which may be a conventional microprocessor. As 40 
illustrated by way of example, diode power supplies 22 
are connected to the diodes by lines 24, through a bank 
of switches 26. The principal function of the controller 
20 is to provkje switching signals to the switches 26. 
and thereby to activate tiie columns of diode blocks 12 4s 
selectively In the cw mode, the switches are operated in 
accordance with the approximately 20% duty cycle, as 
discussed above with reference to FIG. 3. When pulsed 
operation is desired, tiie diode blocks 12 are still 
switched on a 20% (or lower) duty cyde. but all the col- so 
umns A. B. C, D and E are switched on and off at tiie 
same time. 

The controller 20 may also be convenientiy pro- 
grammed to operate the diode blocks 12 in a pulsed 
mode but at a higher repetition rate than Is obtainable by ss 
switching all Uie columns of blocks 12 in unison. For 
example, suppose that the highest repetition rate ttiat 
could be obtained by switching the columns A, B, C. D 
and. E in unison was 2 kHz (Kilohertz). At a constant 
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duty cycle (e.g. 20%), the diode laser pump pulse lengtti 
shortens as the repetition rate increases. Laser gain 
medium (e.g. Nd.YAG) efficiency degrades with short 
pump pulses, so the repetition rate for effkaent opera- 
5 tion is limited to approximately 2 kHz (100 |iS pump 
pulse wkJth). By temporally interieaving the five col- 
umns of diodes, the effective repetition rate can be 
increased to 10 kHz while maintaining a pulse wWth 
comparable witii that associated with 2 kHz operation. 
10 In accordance with this aspect of the invention, selected 
groups of diode lasers, such as the columns A, B, C, D 
and E, are operated such that tiieir output pulses are 
tenporally interleaved to provide a higher effective rep- 
etition rate in tiie pulsed mode. Interieaving of pulses 
15 from tine separate columns of diode blocks 1 2 is similar 
to the interleaving depicted in FIG. 3. but the width of 
the "on" pulses for each column is smaller, resulting In a 
higher effective pulse repetition rate For example, a rate 
of 10 kHz can be obtained if the non-interleaved rate 
20 was 2 kHz. witii the pulse width reduced by a tolerable 
amount, sudi as to 80 \is, i.e. a duty cyde of 1 6%. Alter- 
natively, if one wished to maintain a pulse wkfth of 100 
MS and a 20% duty cyde at 2 kHz, four columns of diode 
blocks coufo be temporally interleaved to provide an 
effective pulse repetition rate of 8 kHz. 

In an alternate embodiment of the invention, a 
diode pumped solid state laser employs multiple solid 
state gain media 10* ananged optically in series, as 
shown in FIG. 4. As illustrated, ttiere are five gain media 
10'. providing a 20% duty cycle, but ttie invention may 
use four or some otiier number of gain media 1 0'. Each 
of the media 10* has an opposed pair of diode arrays, 
indicated at 12'. In this embodiment, each of the five 
pairs of diode arrays 12' is acti^«ted on a 20% duty 
cycle, but the individual diodes witiiin the arrays pairs 
are pulsed in unison witiiln tfie array pair. Thus, the first 
amplifier is activated for one millisecond, for example, 
the second amplifier for the next millisecond, and so 
forth, providing a cw mode of operation for the entire 
laser, but pulsed operation for each of the five amplifiers 
and their assodated diode anray pairs. For true pulsed 
operation in tfiis embodiment, afl tiie diodes in all of tiie 
amplifiers are pulsed in unison, or may be temporally 
interleaved to provWe a higher pulse repetition rate, as 
discussed above. Conti-ol of the diodes is again effected 
by means of a programmable controller 20', and 
switches 26' directing flow of power from the power sup- 
plies 22', over wires 24'. 

It will be appreciated from tiie foregoing that the 
present invention represents a significant advance in 
tiie field of diode pumped solid state lasers. Specifically, 
tiie invention provides a novel technique for switching 
pump diode arrays in such a manner tiiat ttie solkJ state 
laser can be operated in either pulsed mode or in cw 
mode. The cw mode of operation of tiie laser Is 
achieved wittiout continuous operation of tiie indivkJual 
diodes. It will also be appreciated that, altiiough the 
specific embodiments of the invention have been 
described in detail for purposes of illustration, various 
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mcxjif ications may be made without departing from the 
spirit and scope of the invention. Accordingly, the inven- 
tion should not be limited except by the accompanying 
claims. 

Claims 

* 

1. For use in a diode pumped solid state laser, a 
switchable diode array, comprising: 

a plurality, N. of sub-arrays of pump diodes, 
each sub-array having a plurality of diodes that 
are electrically connected in such a way as to 
be energized together; 

a plurality of at least N switches for separately 
energizing the sub-arrays; and 
a programmable controller coupled to the 
switches and operable in a pulsed mode in 
which the sub-an^ are energized and de- 
energized periodically, and in a continuous 
mode in which the sub-arrays are energized 
and de-energized sequentially to maintain at 
least one sub-array energized at any time. 



2. < A switchable diode array as d^ned in claim 1, 25 
wherein: 
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each sub-array is a column of blocks of diodes 
in the anay; 

the blocks of diodes In each column are con- so 
nected in series; and 

each sub-array or column is energized for 
approximately (100/N)% of the time. 



3. v-A switchable diode array as defined in claim 2. 
wherein: 



35 



there are five columns of blocks of dkxies; and 
each column is energized apprcximately 20% 
of the time. 40 

4. A switchable diode array as defined in claim 2, 
wherein: 



6. A switchable diode array as defined In claim 1, 
wherein: 

in the pulsed nrxxie, the programmable control- 
ler operates the switches to provide temporal 
interieaving of the sub-arrays and a higher 
pulse repetition rata 

7« A switchable dkxie array as defined in claim 1, 

wherein: 

in the pulsed mode, the programmable control- 
ler operates the SAritches to energize all of the 
sub-arrays in unison. 

8. A method for controlling a switchable diode anay to 
provide operation in either of two modes, the 
method comprising the steps of: 

connecting a plurality of punrp diodes in a plu- 
rality, N, sub-arrays» each sub-array having 
diodes connected together in such a way as to 
be energized together; 

selecting between a pulsed mode and a contin- 
uous mode of operation; 
if the pulsed mode Is selected, pulsing the 
diodes in each sub-array on arxj off periodi- 
cally; and 

if the continuous mode Is selected, pulsing the 
diodes in each sub-array on and off in a 
sequential manner, such that only a selected 
nun4)er of SLA>-arrays are fully energized at any 
time, whereby, the diode array provides contin- 
uous pumping power even though its member 
diodes pulsed. 

9. A method as defined in claim 8, wherein: 

the step of pulsing the diodes in each sub-array 
in the continuous mode includes pulsing only 
one sub-array at a time, wherein each sub- 
array is energized on an approximately 
(10(VN)%dutycycla 



in the continuous mode, each successive col- 
umn is energized before a preceding column is 
de-energized, to allow time for maximum power 
output to be reached before the preceding col- 
umn is de-energized. 

5. A switchable diode array as defined in claim 1, 
wherein: 



45 10. A method as defined in claim 8, wherein: 

each sub-array is a column of blocks of diodes 
In the array; 

the connecting step includes connecting the 
50 diodes in each column in series; and 

each sub-array or column is energized for 
approximately (100/N)% of the time. 



« 
1 

g 



each sub-array is associated with a sejxu'ate 
solid state amplifier; and 
the programmable controller switches the sub- 
arrays on and off to supply diode pumping to 
successive solid state gain ^edia in a cyclic 
manner. ' 



55 



11. A method as defined in claim 10, wherein: 

there are five columns of blocks of diodes in the 
array; and V' 
. each column is energized approximately 20% 
of the time. 
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12. A method as defined in claim 10. wherein; 
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the step of pulsing the diodes in the continuous 
mode includes energizing each successive col- 
umn a short time before a preceding column is s 
de-energized, to allow for maxunum power out- 
put to be reached before the preceding column 
is de-energized. 

13. A method as defined in claim 8, wherein: io 

each sub-array is associated with a separate 
solid state amplifier; and 
the step of pulsing the sub-arrays in a continu- 
ous mode provides laser pumping power to is 
successive solid state gain media in a cyclic 
manner. 

14. A method as defined in claim 8 wherein: 



if the pulsed mode is selected, the step of puls- 
ing the diodes in each sub-array on and off 
periodically energizes and de-energizes the 
sub-arrays at the same time. 

15. A method as defined In daim 8. wherein; 



20 



25 



if the pulsed mode is selected, the step of puls- 
ing the diodes in each sub-array includes tem- 
porally interleaving periods during which the so 
sub-anays are energized, to provide a higher 
effective repetition rata 

16. A diode pumped solid state laser, operable in a 
pulsed mode or a continuous mode with pump 35 
diodes designed for pulsed operation, the solid 
state laser corrprising: 

at least one solid state gain medium for ampli- 
fying laser light that passes back and forth 40 
through the solid state gain medium; 
optical reflectors defining a laser cavity in 
which the at least one solid state gain medium 
is positioned; 

optical means for outcoupling light from the 4S 
laser cavity; 

an array of pump diodes, the array having a 
plurality. N, of sub-arrays of pump diodes, each 
sub-array having a plurality of diodes that are 
electrically connected in such a way as to be so 
energized together; 

a plurality of at least N switches for separately 
energizing the sub-an-ays; and 
a programmable controller coupled to the 
switches and operable in a selected one of two ss 
modes, including a pulsed mode in which the 
sub-anrays are energized and de-energized 
periodically, and a continuous mode in which 
the sub-arrays are energized and de-energized 



sequentially to maintain at least one sub-array 
energized at any time. 

17. A diode purrped solid state laser as defined in 
daim 16, wherein: 

each sut^anay is a column of blocks of diodes 
In the array; 

the blocks of diodes in each column are con- 
nected in series; and 

eadi sub^ray or column Is energized for 
approximately (100/N)% of the time. 

18. A diode pumped solid state laser as defined in 
daim 17, wherein: 

there are five cdumns of blocks of diodes; and 
each column Is energized approximately 20% 
of the time. 

19. A diode pumped solid state laser as defined in 
daim 17. wherein: 

in the continuous mode, each successive col- 
umn is energized a short time before a preced- 
ing column is de-energized, to allow time for 
maximum power output to be reached before 
the preceding column is de-energized. 

2a A diode pumped solid state laser as defined in 
daim 16, wherein: 

the laser includes a plurality of solid state gain 
media; 

each sub-array is assodated with a separate 
solid state gain medium; and 
in the continuous mode, the programmable 
controller switches the sub-arrays on and off to 
supply diode pumping to successive solid state 
gain media in a cydic manner. 

21. A diode pumped soiki state laser as ddined in 
daim 16, wherein: 

in the pulsed mode, the programmable control- 
ler operates the switches to energize and de- 
energize the sub-arrays in unison. 

22. A diode pumped solkJ state laser as defined In 
claim 16, wherein: 

in tiie pulsed mode, the programmable control- 
ler operates the switches to energize an de- 
energized the sub-arrays in a temporally inter- 
leaved manner, to provkJe a higher effective 
pulse repetition rate. 
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(54) Diode array for diode pumped solid state laser 

(57) A technique for operating a diode pumped solid 
state laser in a continuous-wave (cw) mode using 
diodes blocks (12) that are individually operated in a 
pulsed mode. For some high power laser applications, it 
is desirable to provide for operation in pulsed and cw 
modes, but pump diodes are typically designed for effi- 
cient operation in only one of these modes. The Inven- 
tion Includes a controller (20) that pulses the individual 
diode blocks (12) on and off, but not necessarily in uni- 
son. For a pulsed mode of operation, the diodes (12) in 
an anay are pulsed either at the same time, or sub- 
arrays are pulsed in a temporally interleaved manner for 
a higher effective pulse repetition rate. For the cw mode 
of operation, the diodes (12) are pulsed sequentially in 
sub-anays (A-E), such that at least one sub-array is 
always energized and the complete array appears to be 
providing continuous pumping energy. In one embodi- 
ment, the sub-arrays (A-E) are columns of the array In 
another embodiment, the sub-an-ays (12*) are each 
associated with a different solid-state gain medium 
(10*). the gain media being optically coupled in a single 
laser 
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